Characterization and developmental expression of genes encoding the early carotenoid biosynthetic enzymes in Citrus paradisi Macf.
In the present study, the full-length cDNA sequences of PSY, PDS, and ZDS, encoding the early carotenoid biosynthetic enzymes in the carotenoid pathway of grapefruit (Citrus paradisi), were isolated and characterized for the first time. CpPSY contained a 1311-bp open reading frame (ORF) encoding a polypeptide of 436 amino acids, CpPDS contained a 1659-bp ORF encoding a polypeptide of 552 amino acids, and CpZDS contained a 1713-bp ORF encoding a polypeptide of 570 amino acids. Phylogenetic analysis indicated that CpPSY shares homology with PSYs from Citrus, tomato, pepper, Arabidopsis, and the monocot PSY1 group, while CpPDS and CpZDS are most closely related to orthologs from Citrus and tomato. Expression analysis revealed fluctuations in CpPSY, CpPDS, and CpZDS transcript abundance and a non-coordinated regulation between the former and the two latter genes during fruit development in albedo and juice vesicles of white ('Duncan') and red ('Flame') grapefruits. A 3× higher upregulation of CpPSY expression in juice vesicles of red-fleshed 'Flame' as compared to white-fruited 'Duncan' was observed in the middle stages of fruit development, which correlates with the well documented accumulation pattern of lycopene in red grapefruit. Together with previous data, our results suggest that the primary mechanism controlling lycopene accumulation in red grapefruit involves the transcriptional upregulation of CpPSY, which controls the flux into the carotenoid pathway, and the downregulated expression of CpLCYB2, which controls the step of cyclization of lycopene in chromoplasts during fruit ripening. A correlation between CpPSY expression and fruit color evolution in red grapefruit is demonstrated.